with the technical assistance of Thomas J. A nan and James Wolfson SUMMARY The presence of numerous abnormally arranged cardiac muscle cells in the ventricular septum has been considered a characteristic anatomic feature of patients with hypertrophic cardiomyopathy. To determine the specificity of this histologic marker for patients with hypertrophic cardiomyopathy, we used a quantitative method to determine the area of myocardium occupied by disorganized cells. In hypertrophic cardiomyopathy, septal disorganization was present in 94% of the 54 patients studied at necropsy. Furthermore, disorganization was extensive in most of these patients, involving 5% or more of the transverse plane tissue section in 89% of the patients and 25% or more of the section in 56% of the patients. Septal disorganization was best identified in tissue sections cut perpendicular to the long axis of the left ventricle. Septal disorganization was present in only 26% of the 144 control patients with other heart diseases or normal hearts. Most important, when present in these patients, disorganization was usually limited in extent. In only 7% of the controls studied did abnormally arranged cells occupy 5% or more of the tissue section. The average area of septum disorganized was 31 ± 3% (mean i SEM) in patients with hypertrophic cardiomyopathy and only 1.5 ± 0.6% in the controls (p < 0.001). Hence, while the presence of ventricular septal disorganization is not pathognomonic of hypertrophic cardiomyopathy, widespread distribution of this abnormality is a very sensitive and specific histologic marker for this disease.
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IN THE INITIAL PATHOLOGIC REPORT of hypertrophic cardiomyopathy published in 1958, Teare described a bizarre and unique arrangement of cardiac muscle cells in the asymmetrically hypertrophied ventricular septum.' Several other investigators2-11 have made similar observations regarding the histologic appearance of ventricular septal myocardium in this disease. However, the presence of disorganized septal architecture per se is not pathognomonic of hypertrophic cardiomyopathy, i.e., areas of disorganization, although usually small, may be present in the ventricular septum of some patients with various acquired or congenital heart diseases, [12] [13] [14] [15] as well as in normal embryos and fetuses,'6 normal infants'6'1' and infants who die suddenly without evidence of structural cardiac disease. 17 Some investigators'1821 have questioned the specificity of disordered septal architecture for patients with hypertrophic cardiomyopathy, based primarily on qualitative or semiquantitative histologic analysis of myocardium obtained from patients with heart diseases other than hypertrophic cardiomyopathy. Hence, the present study was undertaken to: 1) establish detailed morphologic criteria for cardiac muscle cell disorganization; and 2) determine, for the first time in quantitative terms, the extent of cardiac muscle cell disorganization in the ventricular sep-tum of patients with hypertrophic cardiomyopathy compared with patients who have other forms of cardiac hypertrophy.
Selection of Case Material
Patients with Hypertrophic Cardiomyopathy
The cardiovascular registry of the Pathology Branch, National Heart, Lung, and Blood Institute, was reviewed and 64 hearts with hypertrophic cardiomyopathy were considered for inclusion in the study. Ten of these specimens were excluded because we could not obtain ventricular septal tissue suitable for histologic analysis, including two specimens that were in poor condition and five that had extensive septal scarring. Three other hearts that were particularly good examples of hypertrophic cardiomyopathy were excluded so that the pathologic specimens could be preserved intact. The remaining 54 hearts comprised the study group.
In 48 (89%) of the 54 patients the diagnosis of hypertrophic cardiomyopathy was based on the presence of asymmetric septal hypertrophy (defined as a septal-free wall ratio of 1.3 or greater), identified either at necropsy6 22 $Septal-free wall ratio was <1.3 in each of the 11 normal hearts; one patient with coronary heart disease had a ratio of >1.3, due primarily to scarring, loss of myocardium, and hence decreased posterior left ventricular wall thickness (in the area of the wall through which the ultrasound beam would have passed in life;15 this patient was considered to have concentric ventricular wall thickening for the purposes of data analysis. §Heart weight exceeded normal values33 in all 54 patients. ¶Heart weight exceeded normal values33 in each of 133 patients with congenital or acquired heart disease and was within normal limits in each of the 11 subjects without cardiac disease.
Abbreviation: NS = not significant. The hearts of 144 patients were selected for study as controls. This group included 133 patients with a variety of congenital or acquired heart diseases and 11 subjects with structurally normal hearts who died of trauma (table 2). The 133 diseased control hearts had greater weights (mean ± SEM 555 ± 17 g vs 295 + 12 g; p < 0.001) and ventricular septal thicknesses (16 ± 0.4 mm vs 12 ± 0.6 mm;p < 0.02) than did the 11 normal hearts; these two groups did not differ with regard to age, sex distribution or septal-free wall ratio. The normal and diseased controls were combined for convenience in data analysis. The 144 control patients and 54 patients with hypertrophic cardiomyopathy are compared with regard to clinical and anatomic parameters in table 3.
Materials and Methods

Measurement of Ventricular Wall Thicknesses
Measurements of ventricular wall thicknesses were made in the following two areas: 1) ventricular septum, at the point of maximum thickness, usually about one-half the distance between the base of the aortic valve and the apex of left ventricle; and 2) posterobasal left ventricular wall, behind the midpoint of the posterior mitral leaflet, at a level corresponding to the tips of the mitral leaflets. In making measurements of ventricular wall thicknesses, we avoided including trabeculae, papillary muscles or crista supraventricularis. In this study, cardiac muscle cell disorganization was classified into four major types (figs. 2 and 3). Type I-A disorganization was the most common, and consisted of areas of myocardium in which adjacent cardiac muscle cells were aligned perpendicularly or obliquely to each other, usually forming tangled masses or "pinwheel" configurations. Although most of these lesions were small, the size of individual foci of type I-A disorganization varied greatly. Disorganization of this type assumed a wide spectrum of morphologic appearances ( fig. 4) . In Type I-B disorganization relatively broad bundles of muscle cells were oriented at oblique or perpendicular angles to each other; cells within these bundles were, however, normally arranged. Both types I-A and I-B exclusively involved areas of septum in which cardiac muscle cells were cut longitudinally, i.e., appeared to be rectangularly shaped. HYPERTROPHIC CARDIOMYOPATHY/Maron and Roberts those with hypertrophic cardiomyopathy, the mean area of septum disorganized in controls (1.5 ± 0.6%) was significantly less than in patients with hypertrophic cardiomyopathy (p < 0.001).
The extent of cardiac muscle cell disorganization in patients with hypertrophic cardiomyopathy compared to patients with other cardiac diseases is illustrated in figures 11-13. Of the 54 patients with hypertrophic cardiomyopathy, 51 (94%) had some disorganization, 48 (89%) had disorganization comprising 5% or more of the relevant part of the tissue section, 30 (56%) had disorganization comprising 25% or more of the section, and 14 (26%) had particularly extensive disorganization involving 50% or more of the section. In contrast, cardiac muscle cell disorganization in the 144 control patients was much less extensive; only 7% of these patients had areas of disorganization comprising 5% or more of the tissue section, and just 1% (two patients) had 25% or more of the section involved ( fig.  I1 ). In the control group, significant septal disorganization was most common in patients with aortic valve disease (table 2). However, the percent area of septum disorganized did not differ significantly among control patients with acquired (mean 1.9 ± 0.7%) or congenital heart disease (mean 0.5 ± 0.4%) or normal hearts (mean 1.3 ± 1.2%).
At relatively high magnification ( fig. 1 3A) , the small areas of disorganization in some control patients appeared qualitatively identical to the widespread lesions in patients with hypertrophic cardiomyopathy; however, at lower magnification such areas of disorganization were barely discernible and obviously constituted only a small part of the tissue section ( fig. 13B) fig. 14) .
In transverse plane sections from patients with hypertrophic cardiomyopathy or controls, abnormally arranged cells were most common in the middle onethird of the septum,10 although there was no particular localization of disorganized cells within this area (e.g., anteriorly or posteriorly). However, it is in the middle one-third of the septum that longitudinally cut cells are usually present ( fig. 9 ). Hence, we would expect that disorganization (i.e., the common type I which cells) would be observed most frequently in the middle one-third of sections taken perpendicular to the long axis of the left ventricle. It was difficult to determine the extent to which disorganization was present in the areas of septum adjacent to the ventricular cavities. Cells in these regions were usually cut transversely, prohibiting identification of type I disorganization. However, analysis of sections taken parallel to the long axis of the left ventricle showed that relatively small foci of disorganization were frequently present (in 14 of 23 patients studied; table 4) in areas adjacent to the ventricular cavities.
Quantitative Histologic Findings in Longitudinal Plane Tissue Sections
In tissue sections obtained parallel to the long axis of the left ventricle, longitudinally cut cardiac muscle cells were located primarily in narrow strips on or near the periphery of the septum, adjacent to the ventricular cavities ( fig. 15 ). These areas occupy a relatively small segment of the overall tissue section (about 15% in patients with hypertrophic cardiomyopathy and in controls; table 4).
The extent of septal disorganization was significantly greater in transverse plane sections (mean 32 ± 4%) than in longitudinal plane sections (6 ± 2%; p < 0.001) (fig. 16 ); in 23 of the 25 patients so analyzed, septal disorganization was more marked in the transverse plane sections. Analysis of only the longitudinal plane sections showed that 16 of the 25 patients had no or minimal disorganization (< 5% of the tissue section); hence, the diagnosis of hypertrophic cardiomyopathy could not have been made histologically in the majority of these patients from analysis of these sections alone. However, in 14 of these 16 patients, the transverse plane sections showed extensive disorganization (. 5%) compatible with the histologic diagnosis of hypertrophic cardiomyopathy.
Correlation of Extent of Septal Disorganization with Other Parameters
Various clinical, hemodynamic and anatomic parameters identified in the 54 patients with hypertrophic cardiomyopathy were analyzed to determine whether there was a correlation with the extent of septal disorganization (in transverse plane sections). There was no relation between extent of septal disorganization and sex, presence or absence of symptoms, duration of symptoms, presence of coronary heart disease or paroxysmal atrial fibrillation, mode of death (sudden vs chronic decompensation), magnitude of left ventricular outflow tract obstruction or left ventricular end-diastolic pressure, heart weight, ventricular septal thickness, septal-free wall ratio, or whether septal myotomy-myectomy had been performed.
However, three variables did show a statistically significant relation with the extent of septal disorganization ( No 4, APRIL 1979 years, although a linear relation did not exist between percent septal disorganization and increasing age. In addition, septal disorganization was more marked in patients who were members of families with "malignant" hypertrophic cardiomyopathy,36 but less extensive in patients with a documented history of systemic hypertension. Furthermore, no clinical or anatomic parameter appeared to be characteristic of either the six patients with hypertrophic cardiomyopathy who showed no or minimal (< 3%) septal disorganization or the five patients with marked (> 70%) disorganization.
L)iscussion
The findings of this quantitative morphologic study indicate that extensive cardiac muscle cell disorganization in the ventricular septum is a highly specific histologic marker of hypertrophic cardiomyopathy; hence, these data confirm our previous impression, based upon qualitative analysis of septal myocardium from patients with hypertrophic cardiomyopathy or other heart diseases.2' 6 8 12 15 Our data also emphasize that three considerations are most important in assessing the specificity of disorganized septal architecture for patients with hypertrophic cardiomyopathy: 1) well-defined, descriptive morphologic criteria for abnormal cardiac muscle cell arrangement, based on analysis of septal tissue from a wide variety of cardiac diseases, including hypertrophic cardiomyopaihy; 2) assessment of the extent of cardiac muscle cell disorganization in quantitative terms; and 3) selection of the optimal tissue section for analysis. The potential bias introduced into our data by tissue sample selection must also be considered. All tissue sections from patients with hypertrophic cardiomyopathy and patients with other cardiac diseases were obtained in a standardized fashion and location. However, because of practical considerations related to preservation of necropsy specimens, our data analysis was essentially limited to a single section of ventricular septum from each patient. Because the distribution of cardiac muscle cell disorganization was often "patchy" in the tissue sections analyzed, the theoretical possibility arises that the extent of disorganization might differ significantly in other areas of the ventricular septum not analyzed as part of this study. However, some of our findings suggest that significant variations in disorganization in different areas of the septum do not occur. For example, in four patients with hypertrophic cardiomyopathy and zero or < 3% disorganization, a second transverse plane tissue section (taken 2 cm below the first section) showed an almost identical extent of septal disorganization as observed in the first section.
In conclusion, our data suggest that marked cellular disorganization in septal myocardium links patients within the varied clinical and pathological spectrum of hypertrophic cardiomyopathy; disorganization was present and did not differ significantly in extent in patients with or without symptoms before death, patients with asymmetric or symmetric (concentric) ventricular wall thickening at necropsy, or patients with or without obstruction to left ventricular outflow. Furthermore, the presence or extent of septal disorganization was not related to absolute heart weight; hence, disorganization cannot be considered simply a manifestation of particularly marked cardiac hypertrophy, as occurs in hypertrophic cardiomyopathy. These findings support our hypothesis8 that extensive cardiac muscle cell disorganization is probably a morphologic manifestation of the underlying genetic defect present in hypertrophic cardiomyopathy.
